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ABSTRACT 


This  report  is  an  enumeration  of  the  2470  SD  types  of  7-argument  threshold 
functions,  listed  lexicographically  by  symmetric  Chow  parameters,  providing 
minimal  1- realizations  and  a  few  statistics.  The  methods  used  and  implications 
of  the  enumeration  are  discussed  in  Special  Scientific  Report  No.  4  (On 
Threshold  Functions  through  n  =  7) . 
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DISCUSSION 


Enumerations  of  the  threshold  functions  of  six  arguments,  together 

♦  8 
with  optimal  weights  and  thresholds,  have  been  published  in  Mutoga-Toda-Kondo 

9  2  6 

and  Winder,  and  more  recently  in  Dertouzos  and  Liu.  We  give  here  the  first 

enumeration  of  the  threshold  functions  of  seven  arguments.  We  use  the  Goto- 
4 

jTakahasi  idea  of  SD  symmetry  types  to  shorten  the  enumeration,  and  we  order 

the  lisf  lexicographically  in  terms  of  the  symmetric  Chow^  parameters  (see 

Kaplan-Winder^)  to  facilitate  test-synthesis  by  table-lookup  (for  example, 

2 

see  Dertouzos  ).  Certain  other  data  on  each  function  are  also  listed.  The 
methods  used  to  prepare  the  list,  and  implications  for  threshold  logic,  are 
reported  elsewhere . ^  ^ 

There  are  2470  SD  classes  of  7-argument  threshold  functions.  Each 
class  is  represented  by  a  self-dual  function  f  of  eight  arguments,  for  which 
there  is  a  21 -number  entry  in  the  following  table: 

N;  Pgj  Wj,  ...,  Wgi  Tj  E;  I;  S 

(1)  N  is  a  "list  number"  from  1  through  2470. 


(2)  P,, 


Pg  are  the  symmetric  Chow  parameters,  defined  by 

Pi-i^V  *  m(V]' 


f  and  f—  are  the  restrictions  of  f  obtained  by  setting  x.  *  1  and  0, 
xi  xi 

respectively,  and  for  any  function  g,  m(g)  is  the  number  of  argunents  x  of  g 
for  which  g(x)  *  1 . 

(3)  Wr  Wg  give  the  minimal  normal  1 -realization  of  f,  -  i.e., 

8 

that  set.  of  W 's  which,  minimize'  the  sum  y.  H .  under  the  constraints 


|  E  W  •  e(x, )  |  >  1 
1  1  1  ■  . 


1 


for  all  (Xj ,  . ..,  Xg),  [e(0)  =  -  1,  e(1)  =  1],  and 

8 

[f(x^,  . ..,  Xg)  *  1  ]  if  and  only  if  [E  H, e(x^)  >1] 

for  all  (X|,  . ..,  Xg).  (See  Muroga-Toda-Takasu.^) 

(4)  T  is  the  integer  threshold  for  a  (0, 1 )-realization; 

1  ® 

T  =  2  (f  Wi  +  1}- 

Q 

(5)  E  is  the  number  of  extremals  --  the  number  out  of  2  original 

9 

inequalities  remaining  after  reduction  by  complete  mono tonicity . 

(6)  I  is  the  number  of  iterations  (including  the  original  tableau) 

required  to  solve  the  dual  linear  program  (Muroga-rToda-Takasu^) .  Inequalities 

* 

3 

have  been  first  transformed  to  differences  as  in  Gabelman. 

(7)  S  is  a  "symmetry  number",  denoting  by  an  artificial  code  the 
amount  of  symmetry  in  the  function.  The  code  is  as  follows  (11111111  means  no 
symmetries  at  all,  221111  means  two  pairs  of  symmetric  arguments,  etc.  —  the 


listing 

is  not  intended  to  imply  any 

particular  ordering  of 

the  symmetries) 

S _ 

Symmetry 

6  311111 

14  4211 

31  53 

1 

11111111 

7  32111 

15  422 

32  611 

2 

2111111 

8  3221 

18  431 

33  62 

3 

221111 

11  3311 

25  44 

34  71 

4 

22211 

12  332 

26  51 1 1 

35  8 

5 

2222 

13  41111 

27  521 

It  might  be  noted  that  the  8,378,070,864  threshold  functions  of  seven 
arguments  can  be  obtained  from  this  table  by  (1)  permuting  the  original  eight 
arguments  in  any  fashion,  (2)  by  complementing  any  of  the  original  arguments, 
and  (3)  by  fixing  one  argument  at  value  1  . 
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